SUMMARY At present there is no reliable method of recognising atrial isomerism by two dimensional echocardiography. We therefore used two dimensional echocardiography to examine 158 patients including 25 with atrial isomerism and four with situs inversus. Particular attention was paid to the short and long axis subcostal scans of the abdomen.
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Using the position of the inferior vena cava and the aorta with respect to the spine it was possible to separate those with situs solitus from the others. Two false positives for abnormal situs had exomphalos. In situs solitus the aorta lay to the left of the spine and the inferior vena cava lay to the right. One patient with situs solimus and azygos continuation of the inferior vena cava also had inferior vena cava to right atrial connection. In the four patients with situs inversus the mirror image of the normal pattern was present.
In nine patients with right isomerism the inferior vena cava and aorta ran together on one or other side of the spine. The inferior vena cava, anterior to the aorta at the level of the diaphragm, received at least the right hepatic veins (normal or partial anomalous hepatic venous connection).
Of the 16 patients with left isomerism, 14 had azygos continuation of the inferior vena cava which was visualised posterior to the aorta in all but two. All patients with left isomerism had total anomalous hepatic venous connection to one or both atria via one or two separate veins.
Two dimensional echocardiography therefore provides the means of detecting abnormal atrial situs and of diagnosing right or left isomerism in the great majority of patients, if not all.
Accurate determination of atrial situs is the foundation of a segmental approach to the diagnosis of congenital malformations and malpositions. 1 Many clinical clues are available for the recognition of patients with abnormal situs, and the importance of identifying left and right isomerism has been emphasised by many authors.5-8 A non-invasive examination such as two dimensional echocardiography which could be used routineWo determine situs would be very useful. At present, the determination ofatrioventricular connection by two dimensional echocardiography is speculative and other techniques are necessary to assign atrial situs. [8] [9] [10] Alerted to the presence of abnormal situs, the echocardiographer will pay particular attention to the systemic and pulmonary venous connections.
To investigate the diagnosis of situs by two dimensional echocardiography we examined 158 consecutive patients including 11 Accepted for publication 15 April 1982 abnormal situs. Over this five month period 18 additional patients were diagnosed prospectively as having abnormal situs and were correctly categorised into those with situs inversus, right isomerism, or left isomerism.
The purpose of this study was to consider criteria for the two dimensional echocardiographic assessment of situs. Two questions were considered.
(1) Can two dimensional echocardiography be used accurately to separate patients with abnormal situs from those with situs solitus?
and, if so, (2) Can those criteria be used further to subdivide the abnormal situs patients into those with situs inversus, right isomerism, and left isomerism? Huhta, Smallhorn, Macarmey years, with a mean age of 2*9 years. Forty-three per cent were under 1 year of age. A complete aniination was performed in each patient, including subcostal, parasternal, apical, and suprasternal views.'" Sequential analysis of the anatomy was performed using the terms and definitions suggested by Tynanet al.'2 Particular attention was paid to the short and long axis subcostal scans of the abdomen and the systemic venous return. In order to recognise absence of the inferior vena cava immediately inferior to the cardiac atria it was important to recognise positively the crus of the diaphragm, which could superficially resemble a venous structure. During this time, 11 patients previously diagnosed as having abnormal situs were recalled and also examined by two dimensional echocardiography in the same way without knowledge of the type of situs abnormality.
Patients excluded were those without confirmation 
Results

DIAGNOSIS OF SITUS BY TWO DIMENSIONAL ECHOCARDIOGRAPHY
There was a typical appearance of the two dimensional echocardiographic short axis subcostal view of the abdomen in the patients with situs solitus (Fig. 1) .
At approximately the level of T10, the aorta lay to the left of the spine, being recognisable by its typical systemic arterial pulsation. The inferior vena cava was located opposite to the aorta on the right of the spine and was further identified by long axis subcostal views showing the right hepatic venous connection and inferior vena cava to the right atrial junction. Patients with situs inversus were found to have a mirror image of the situs solitus pattern (Fig. 2) , with the aorta to the right and the inferior vena cava to the left, both vessels again being symmetrically disposed with respect to the spine (Table 1 ). The hepatic venous connections and the inferior vena caval to right atrial junction also formed the mirror image of situs solitus with the hepatic veins connecting to the inferior vena cava or joining the atrium with the inferior vena cava.
Right or left isomerism could be diagnosed by the abnormal position of the inferior vena cava and aorta in the abdomen. These two entities could then be distinguished by the type of positional abnormality combined with the pattern of hepatic venous and inferior vena cava to right atrial connection.
In right isomerism, the aorta and inferior vena cava ran together at the subcostal level, with the aorta posterior, either to the right or left of the spine (Fig. 3  upper panels) . The right hepatic vein connected to the inferior vena cava and could be visualised on the same side of the spine (Fig. 3 lower panels) , (Table 1) .
In left isomerism, the aorta was usually midline (13 patients), though it was to the right in two and to the left in one. No normal inferior vena cava was seen on this level. Instead azygos continuation of the inferior vena cava posterior to the aorta, either to the left or right of the spine, was present in 14 patients (Table 1 ; Fig. 4 upper panels). In two of these patients the azygos vein was not visualised and only the midline aorta could be seen. In the two remaining patients the suprarenal inferior vena cava connected to the inferior aspect of the atrium (left sided-in one and right sided in one).
The crus of the diaphragm appeared as an echo free line close to the anticipated position of the normal inferior vena cava immediately below the cardiac Fig. 1 .) atria, but connected neither to the atria nor to any other vessels (Fig. 5) . In all patients with left isomerism, including the two with the inferior vena cava entering the left or right sided atrium normally, one or two hepatic veins connected to the atrium separately from the other systemic venous return (Fig. 4 lower panels). The identity of the azygos continuation located posterior to the aorta was confirmed by echocardiographic contrast injection into the femoral vein in one patient.
NORMAL VS ABNORMAL SITUS
The wide range of congenital cardiac disease encountered in the 129 patients with situs solitus is shown in Table 2 . These patients were compared with those with abnormal situs (inversus, right isomerism, or left isomerism) shown in Table 3 . The ability of two dimensional echocardiography to separate these two groups is shown in Fig. 6 where abnormal situs is shown as a positive test and situs solitus as a negative test. There were no false negative diagnoses of abnormal situs and two false positives; these two patients both had exomphalos and malpositioned abdominal viscera. The usual pattern of situs solitus by two dimensional echocardiography was not present though atrial situs solitus was confirmed at necropsy in both. The intracardiac abnormalities were correctly predicted.
One patient had the typical symmetrical position of the inferior vena cava and aorta in the abdomen, but, in addition, a second venous structure was imaged to the right of and posterior to the aorta. This was cor- (Fig. 7) .
The types of hepatic venous connection (Table 6 ) encountered were as follows.
( 1 (Fig. 8) , two with a left superior vena cava connecting it.
PULMONARY VENOUS CONNECTION
Patterns of partial and total anomalous pulmonary venous connection were identified in the patients with atrial isomerism as well as in the normal subjects (Fig.  9) . Normal connection was present in all four patients with situs inversus (Table 8) .
Seven patients with right isomerism had a pattern of total anomalous pulmonary venous connection to a confluence which connected directly to the left sided atrium, two had pulmonary veins connecting to both atria, and one had total anomalous pulmonary venous connection to the right sided atrium. abnormal situs (Table 9 ; Fig. 10 ).
The atrial strand seen in two patients with right isomerism is frequently found with this type of situs. '3 We have succeeded in visualising the atrial appendages in some neonates (Fig. 11) , including one patient with left isomerism. The recognition, however, of distinctive atrial appendage characteristics routinely is not yet feasible non-invasively. venous angiography was valuable in diagnosing right 8 16 isomerism and described (11) position of the inferior ;VC, right superior vena vena cava and aorta as "the aorta seeking out" the ivae on the left and right inferior vena cava in the abdomen.
n.
Two dimensional echocardiography is an excellent method of imaging intra-and extracardiac thoracic structures and is equally suited for displaying denser structures such as the liver. Therefore, we used two ring congenital heart dimensional echocardiography to assess (3), (5), (6), ietal.2is based on a (8), (10) , and (11) to predict atrial situs thereby. approach has been This investigation extends the non-invasive diaghological material to nosis of situs in two important directions. Firstly, the rmalities diagnosed position of the inferior vena cava and aorta alone has been used to do this been shown reliably to separate those patients with atrial situs into sol-situs solitus from those with either situs inversus or been attempted.'4 15 atrial isomerism (situs ambiguus) and to be specific d and atrial situs has for situs inversus. Right isomerism has a typical patwith a chest radio-tern by two dimensional echocardiography using this Es are necessary in criterion and would have been adequate on its own apart from one exception in this study. All previous as been applied to detailed studies of situs have lacked information con-17 but is severely cerning the in vivo position of the great vessels in the ning atrial situs.
abdomen. Tomographic methods such as computerdght be used to pre-ised tomographic scans and two dimensional echocarinclude: (1) splenic diography now allow-non-invasive determination of >osition of abdominal these details which have previously been recognised to )lack accuracy13; (4) be important indicators of sitUs.22 high correlation with The level of the diaphragm (approximately T1O) is ntage of being non-an important location for making these observations.
Between the level of the renal veins and this location peen studied include: the suprarenal segment of the inferior vena cava 6) presence or absence (deriving from the subcardinal system) normally cony artery morphology9; nects to the hepatic veins and the atrium. If there is We suggest a two dimensional echocardiographic approach to the diagnosis of situs as outlined in Fig.  13 . Assessment of the aorta/inferior vena cava relation in the subcostal position immediately separates those patients with symmetric appearance of the great vessels, who have situs solitus or inversus, from those with an abnormal appearance. If the aorta and inferior vena cava run together, then atrial isomerism is almost certainly present unless some other condition such as exomphalos exists to disturb abdominal great vessel relations. Long axis subcostal views are then used further to identify the venous structures and to examine the hepatic venous connection. If there is total anomalous hepatic venous return, the diagnosis is left isomerism. Most of these patients will have an interrupted inferior vena cava. If there is not total anomalous hepatic venous return the diagnosis is almost certainly right isomerism or lateralised situs, which are distinguished as already described. Further studies in a larger number of patients will be required to answer the question of whether the hepatic veins ever connect to the inferior vena cava in patients with left isomerism. If only the aorta can be visualised and the hepatic veins all appear to connect anomalously, then the most likely diagnosis is left isomerism with azygos continuation, though we would use the bronchial morphology as an aid in such circumstances. 
